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Stimulation and measurement patterns versus prior information for fast 3D EIT: A breast screening case study 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 additional costs for the healthcare system but, more importantly, additional 18 distress for the patient. One should also factor in that patients subject to
19
Mammography screening are exposed to ionizing radiation.
20
On the other hand, in breast MRI, a contrast agent need to be used 
59
It is worth mentioning the reports [16, 17] , where the authors derived pat-
60
terns that maximise the distinguishability between two corresponding mate-61 rials or simply the anticipated reconstruction contrast. Briefly, the idea is to 62 maximise the difference between the two Neuman-to-Dirichlet (NtD) maps.
63
In a circular domain, the optimal stimulation pattern accounts for the eigen- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 method. For instance, one needs to drive a pattern on all electrodes and then 68 measure the resulting voltages on same (current carrying) electrodes. Hence, 69 more practical patterns are sought.
70
In a 3D setting, there is a greater flexibility in stimulating the object.
71
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118
compromising on the quality of the reconstructed images. Finally, there is 119 no need to measure on current carrying electrodes, e.g., [16, 22] .
120
In the next section, a brief introduction to the theoretical framework 
where σ, u, U ℓ , ν, ı, z ℓ are the admittivity, the interior potential distribution, a
the weak formulation of the EIT problem on the original domain Ω can be to electrode potentials U from Equation (4) as
The steps above essentially reflect the so-called forward EIT problem and 172 are summarised by the non-linear operator Λ :
which links the interior material distribution σ : In a typical EIT fashion, the measured data vector is contaminated with 192 some noise originating from various physiological, modelling and discretisa-193 tion errors. Without loss of generality, herein, noise ǫ is assumed as additive.
194
As such,
In a discrete setting, where only a finite set of measurements (y) could be hard to demonstrate that since J is anticipated to be ill-conditioned, (J T J) 
In the Tikhonov regime, typical regularisation candidates are constraints of the λ using, e.g., the L-curve method.
217
Assuming a Tikhonov based regularisation functional, one now arrives at 218 the (maximum a posteriori) analytical solution
A discussion on non-linear reconstruction methods is omitted. Rather,
220
we refer to [30] and references therein for extensive reviews and discussions. 
SVD & GSVD

222
In the sequel, the δ-term in the discrete equivalents of δσ, δy, is dropped 223 for notational convenience. Also, real admittivies are now assumed, i.e.,
224
conductivities.
225
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effectively a decomposition of the form [31]
where P = (p 1 , p 2 , . . . , p m ) and Q = (q 1 , q 2 , . . . , q N ) are matrices with or- typically sorted in non-increasing order as
and are identified as the 'singular' values.
236
In broad terms, the sequential order of the singular values is inversely 
241
Using SVD, one may determine a generalised inverse J † for J, correspond-
242
ing to the different properties that J may satisfy. In effect, one may obtain
where i.e.,
Based on SVD, the Moore-Penrose inverse J † can be written in the fol- severe the ill-posedness of the problem and the more the ill-conditioning it is.
264
The concept of GSVD is now considered, where the main difference between 265 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 GSVD provides valuable insight of a matrix coupling. For our needs, the 267 coupling of R, i.e., the selected regularisation matrix, and J is assumed. In 268 the GSVD setting, the decomposition takes place in a slightly different form 269 for the individual matrices as
where matrix X is non-singular and P , Q are orthonormal and different 
respectively. The generalised singular values are then
In a similar fashion to SVD, one could study the generalised singular consider a cylindrical tank of uniform background distribution and a spher- 310 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 of the background value. One could consider adjacent simulations, however 311 according to [18] little information is acquired with adjacent stimulation pat-312 terns so we focus on a standard opposite 2-electrode pair stimulation pattern.
313
For clarity, we opt for a linearised problem, the solution of which is given by 314 Equation (13). Unless otherwise specified, the identity matrix is employed as Gaussian noise ǫ is added to the simulated measurements. 
329
Assuming a piecewise constant (per element) approximation in (3), (4),
330
for the real admittivity distribution,
where χ i is the characteristic function and N is the number of elements, the 332 size of the typically underdetermined version of the Jacobian is J ∈ ℜ m×N , 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 where practically m ≪ N . The sensible step therefore is to establish means 334 of increasing the number of measurements m until, ideally, m ≈ N . This,
335
in turn, entails a significant increase in the number of measurements and,
336
eventually, electrodes L.
337
Aside from impractical, an increased number of measurements m will con-338 tribute towards unrealistically high computational overheads both for the as-
339
sembly and inversion of the dense matrix J (not to mention ill-conditioning).
340
Therefore, should a classical 2-pair stimulation and measurement strategy 341 be deployed, a practical upper bound in terms of available computational 342 resources is encountered.
343
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364
In order to further demonstrate that, practically, the quality of gathered intuitively should be a much faster problem to solve.
424
The advantages of the proposed scheme become more apparent as more Table 4 (Gain 4).
430
In the next section, the multiple-electrode pair scheme is applied to a 431 breast phantom. (top).
445
The performance of the original stimulation pattern (L/d = 1) is illus-446 trated in Figure 5a ) and the corresponding gains are tabulated in Table 5 . 
455
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509
On the other hand, by using the GSVD analysis, one could essentially pro- 
Further work 517
This study is part of our long term goal to derive model reduction schemes 518 in EIT without compromising on robustness and/or quality of acquired EIT 519 data/images. In this regard, a reduction in m was achieved and essentially 520 reflected in J.
521
In [15] , the author proposed multi-level basis functions (wavelets) as ba-522 sis functions for both the forward and inverse computations of the soft-field 523 imaging problem in order to reduce dimensionality of J (by compression).
524
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